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 ɮơmc PKG1α ?ʿ̩ɝÏ% 8-fc-cGMP &ÿſ;&ʠƺ)\lN
ˏ S-OBfð?Ă;&EGW\q_c)8:Ɇ<ˏ ˽ØǏ8-
ćɍUWaDǡḬ̃Cys̱Ĵȩ® PKG ?Ȣ	ʵǏ)8:Cys42 & Cys195 Ȗ
ȩȱ) S-OBfð?Ă;&Ø!in vitroLeZB_YD)8:cGMP
)8:ǵƂð PKG +̌ĵȉ˫% cGMP ?̎ü;&ˣ7)ǵð8-
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8-AET-cGMP:     8-(2-aminoethyl)thioguanosine-cGMP 
ATP:      adenosine 5′-triphosphate 
8-Bromo-cGMP:     8-bromoguanosine 3′,5′-cyclic monophosphate 
cGMP:      guanosine 3′,5′-cyclic monophosphate  
DTT:      dithiothreitol 
ESI:      electrospray ionization 
iNOS:      inducible nitric oxide synthase 
Keap1:      kelch-like ECH-associated protein 1 
LC:      liquid chromatography 
LPS:      lipopolysaccharide 
MLC:      myosin light chain 
MRM:      multiple reaction monitoring 
MS/MS:      tandem mass spectrometry 
NAC:      N-acetylcysteine 
8-Nitro-cGMP:     8-nitroguanosine 3′,5′-cyclic monophosphate 
NO:      nitric oxide 
PKG:      cGMP-dependent protein kinase 
PDE:      phosphodiesterase 
RNOS:      reactive nitrogen oxide species 
ROS:      reactive oxygen species 
Rp-8-Bromo-cGMPS:   8-bromoguanosine 3′,5′-cyclic monophosphorothioate, Rp-isomer 
SDS-PAGE:     sodium dodecyl sulfate polyacrylamide gel electrophoresis 
Tris:      tris (hydroxymethyl) aminomethane 
VASP:      vasodilator-stimulated phosphoprotein 
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ɘ 1ɔ  ȿɏ*ʉƽ8-ȵȱ  
1.1  ǈȿɏ*ʉƽ  







őĥ NOĈƋ˸ɪ̰inducible nitric oxide synthase, iNOS̱9+ NOȡȠ<;2
ROS & NO ÿſ;&̚Ŝ)ðŀÿſƂ*̫	ǵƂ˹ðɒɪɍ̰reactive 



























d%; 8-fcOBiU 3′,5′-Ȟȗ̳˹̰8-nitroguanosine 3′,5′-cyclic 
 8 
monophosphate; 8-fc-cGMP̱?ĉŃ 9,12,13)8-fc- cGMP+Ė̤)	






$ʈɮɻ) NOS ³ľȱ( 8-fcOBiU*ȠƋ˂59<$:*˃ő®
%; 8-fc-cGMP 6ȠƋ$	;ĄʌƂʂ9<; 19)8-fc-cGMP +
rȞ* C8¬)ɰĈfcĨ)Ȥǋ;̕ļČŨƂ*5)Ū	ʳ̕ļƂ?
ǃ$	;*Ƃˏ)8:YT\lNˏ*ǩǔƂ*̫	^IĨ&˱




















f_cvWvVGWaZ̰ phosphodiesterase, PDE ̱ʤɝƗūĜļàȇ˹
ð\lNˏ̰vasodilator-stimulated phosphoprotein, VASP̱('Ⱦ9<$	; 23)




Ĩˏ\lNˏ*ƞ˜?ß̌$	;̰ğ 5A, Ḇ24)PKG) cGMPɰĈ;&
ʶĻ˵¬̘×Ǚˤ.&RpH|UĴð<)8!$ PKG *
˹ð˸ɪǵƂƹ;6










1.2  ǈȿɏ*ȵȱ  
 ɉ*ȿɏŅ%+<2%in vitro*ń̩)	$ 8-fc-cGMP cGMP&ĉǚ
) PKG*ǵƂðʌ?ǃ;&?ʰ×$	; 14,21)8-fc-cGMP+ cGMP&̤
«Ǚˤ?ǃ;&9˞* cGMP³ľȱ(ǜǙ)8: PKG?ǵƂð;












ɘ 2ɔ  ȿɏƵǯ  
2.1  ǉƲ  
 8-fc-cGMP+˫ü)ĩĎ<Ƶǯ)ŷ!$ˇʬ 14,17)8-q}OBiU
 3′,5′-Ȟȗ 1˹̰8-bromoguanosine 3′,5′-cyclic monophosphate; 8-q}-cGMP̱
&ķʒʟ 0111:B4 Ȥǋ* LPS +UOyɇ8:Ÿ8-q}OBiU 3′,5′-Ȟȗ 1
^I˹GWa RpBD[y̰ 8-bromoguanosine 3′,5′-cyclic monophosphorothioate, 
Rp-isomer; Rp-8-q}-cGMPS +̱kDIOɇ8:ːËpFfp+eJ
DaWNɇ8:Ÿɮơmc PKG1α8- PKG1β̰NǇ His \OɮơÌ̃
PKG1α 8- PKG1β% Sf21 ƸʣɬʊǓ*kLEDW)8:Ȱț̱+z







2.2  ɮơ PKG*ˇʬ  
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 ɮơmc PKG1α + BacPAK kLEDWȰțUWa{̰Na_Nɇ̱
?Ȣ	$ȰțN Ǉ Flag \O¢%Rd;rWzd pBacPAK9-FLAG 
PKG1α+pAdTrack-CMV-FLAG PKG1α9İŝFlag-PKG1α̢Ħ?ċ4PCRƳȔ
?TqNfO;&)8:Ǚɠ 26)PKG1α*UWaD-YɽơĴ
ȩ®̰C42S, C195S, C42S/C195S̱+ pBacPAK9-FLAG PKG1α9 PCRĴȩ˃Ȱǯ)
8:ǙɠSf21ɬʊ)Ĵȩ Flag\O PKG1αrWzd&BacPAK6EDWDNA
?ĉƼ)őË<? BacPAKłÌħģ̰Na_Nɇ̱) 27˚C% 5Ƽ̆ħ
̨ħ̨̅ĺ 5Ƽ̆Ŷ)ƴ̬( BacPAKłÌħģ?è27˚C%9) 72Ƽ̆
ħ̨?ɲ*Ŷɮơ PKG1α?ȰțEDW?ċ4ħ̨Ǿ?ěĀ
rNB_YD)8:ɮơ PKG1αȰțEDW?ö̓Ŷsf21 ɬʊ)
*EDW?ƉǑ 60Ƽ̆ħ̨EDWƉǑ sf21ɬʊ? PBS%ěĀ
˓̝ǰɁɀɬʊDYc?ƒ FLAG M2BpCfaCQ̰UOyɇ̱&
ǼĒPBS%̵ěǳǷɮơ PKG1α\lNˏ? 3X FLAGur^dȃǺ̰ U
Oyɇ̱)8:ȃ× 
 
2.3  in vitro*ɦ); 8-fc-cGMP)8; PKG1α* S-OBfð  
 ɮơ PKG1α̰ 100 ng ?̱ 8-fc-cGMP& 100 mM Tris-HCl̰ pH 7.4 ̱)$ 37˚C
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%ÿſ*ń̩&+Ý*Öȝɾ&$PKG1α? 100 µM * Rp-8-q}
-cGMPS&rDLtU*Ǟ) 200 µM* 8-fc-cGMP&DL
tUŸ9<\lNˏǛē?)ʺˢ:EGW\q_c
7Ǻ®NycOpC̰liquid chromatography, LC̱\b{ĥˏ˽ØḬ̌tandem 
mass spectrometry, MS/MS )̱²S-OBfð˵¬?ĉŃ;5ɮơ PKG1a
*˼Ƞĥ8-UWaDĴȩ®? 200 µM* 8-fc-cGMP& 100 mM Tris-HCl̰ pH 
8.4̱)$ 37˚C% 180Ø̆ÿſÝ*ń̩Öȝɾ&$10 mM* DTTľ
Ģ%PKG1α? 200 µM* 8-fc-cGMP& 100 mM Tris-HCl̰ pH 7.4 ̱)$ 37˚C
%ÿſ 
 
2.4  EGW\q_c  
 \lNˏ?dbUɃ˹ecE{-xBNBzdQ̕ǥǲḛ̈sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis, SDS-PAGE̱%Ø̓*Ŷ PVDF
ʔ)˗Ò˗ÒŶ* PVDFʔ? 5̯*ʏʍ%q_LOƒ S-OBfð
ƒ® 14,17)ƒ PKG ƒ®̰T\NXkDIaNiVɇ ̱ƒ iNOS ƒ®̰BD
kDITDGWɇ ̱ƒβ-actinƒ®̰T\NXkDIaNiVɇ ̱ƒ
˹ð VASP ƒ®̰YUOeOaNiVɇ ̱ƒ VASPƒ®̰BNUWk
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|V J̰ National Institutes of Healtẖ?Ȣ	$ȁŃEGW\q_cȥÄ*U
OeŬţ?ŉţʵǏ;&)8!$ʥ! 
 
2.5  in vitroLeZB_YD  
 PKG*LeZǵƂ+ƶĩ 21) )ŷ!$ȁŃɡȅ)Ɇ&1 µg/ml* PKG1α
̰zxBɇ̱6+UWaDĴȩ®* C42SC195S ;	+ C42S & C195S
*˻Ĵȩ®?	"*ȩ(;Ȉţ* cGMP6+ 8-fc-cGMP&16 mM 
MgCl210 mM DTT0.1 mM BbiU 3˹̰adenosine 5′-triphosphate, ATP ̱
60 µM OW\Dd̰ GlasstideJkDIP{ɇ ?̱ċ4 20 mM Tris-HCl̰ pH 7.4̱








^q̰Ultra Centricon30 kDaØȥzxBɇ̱?Ȣ	;&%ǵƂð PKG1α
*ǼĈǺ9Ø̓;ʏĭń̩?ʥ!2PKG1αȃǺ? cGMP˃ő®&ÿſ
Ŷ*˸ɪ^q)ČȺ;*?̉595̌ĵȉ˫pC\
^qÏ)è 0.1%* BSA?ċ4 100 mM Tris-HCl̰pH 7.4̱)*Tr
ÿſǺ?ǽèǞ)˩̓* cGMP ˃ő®?̎ü;5)PKG1αȃǺ?
0.1%* BSA?ċ4 100 mM Tris-HCl̰pH 7.4̱%ɼ:˝ǳ	(9̰6ě ̱̌ĵ










b+yEW) 32 mg/kg*ķʒʟȤǋ*Ïǣɪ%; LPS?ʓʑÏǱŏ$¯ʬ
 
 
2.7  IKkWW\bC̰zIOpC̱  
 ćyEW*ʋ˵ķëʎ8:ƥ×ö̓ʤɝO̰5 mm̱?əūƂĀɹ*ʵ
Ǐ)ʘ˯(âĀɹǊ¦%;ūæ1.0 g*ª̃ȗƊ%yDNaC_UIKk
W̰ MTOB-2ZwTxcɇ )̱ā:¢ķëʎO+pH 7.6*Krebs-Henseleit
ɸʧǺ̰ 118.4 mM NaCl, 4.7 mM KCl, 1.2 mM MgSO4, 1.2 mM KH2PO4, 2.5 mM CaCl2, 25 
mM NaHCO3, 10 mM ORW̱)Ǹ37˚C)· 95% O28-5% CO2*KW
?ōËķëʎO*ʤɝɵū*ȁŃ+ƶĩ)Ȃ$ʥ	26,27)	"*¯
Ȣʡ?Ōˍ&$pFfp)8;ʤɝĀɹÿſ.*¯Ȣ?ȁŃķëʎ?






2.8  LC-GNcWrDIð-crĚ˻ǘ-MS/MS )8; 8-fc
-cGMP*Ń˽  
 mcöȜɬʊǓ THP-1 ɬʊ̰4.0×106 cells̱? 10 µM * 8-fc-cGMP &&6)
DMEMħģ% 37˚C% 30Ø̆ħ̨PBS%ǳǷŶɬʊ?ěĀ2%*
˷˹?ċ4ǧÔ|\i 1 mL%ɁɀɁɀTr? 10,000 g4˚C%
10Ø̆ˮŽØ̓Ÿ9<Ǿ?IBUW_NWJc_V̰ EH\Xɇ  ̱
?Ȣ	 cGMP˃ő®*Ġȷɤʬ)²Jc_V?|\i%ǳǷŶ
15%*Ǻ®B}fB?ċ4|\i 1 mL)8!$ cGMP˃ő®?ȃ×<
?ěĀȃ×Tr?ȹɐ%ȓɤʬǦ 0.2 mL)Ðȃʵ 
 THP-1 ɬʊ9ƕ× cGMP ˃ő®+ LC-GNcWrDIð
̰electrospray ionization, ESI̱-crĚ˻ǘ-MS/MS ʵǏ)8!$Ń˽
LC-ESI-MS/MSʵǏ+YMCcBc C18J{̰50 mm × 2.0 mmÏŴDG
{UCɇ̱%40˚C )$ 0.1%M˹*|\i? 12Ø̆% 1%9 60%2%*
ȶɷƂï˶%ˠȷ HPLC)Ŷ)BVc 6430 LC-MS/MSUWa{̰BV





ʏȃĻ?ʥ!Øļʧɑʵ̓)+̫ɨţ*ɒɪ? 0.05 MPa *ġæ%Ȣ	$ʧɑ
KW&˫ ü*ĩĎ)ŷ	 24,28)cGMP˃ő®+Ķ˻ÿſ}f\O ̰ multiple 
reaction monitoring, MRM }̱d?Ȣ	$Ń˽ðĉ¬®Ǜˋ 8-15NO2-cGMP






	$ɐ	$	;ɬʊˏ®Ɏ+ 6 µL&ƟŃ<; 
 
2.9  cGMP˃ő®*Ø˶µư*ǫŃ  
 cGMP˃ő®)"	$Ƞ®ʔˡ˫Ƃ?ʱŃ;ȪǦƂ?ʵǏ;5)IN\i
Ǧ*Ø˶µư̰logPo/w̱?pWR̖ȴǯ)8!$ǫŃ 30)95Ǻ




?Ȣ	$ 25˚C%̳Ƽ̆î	8̖ȴǼĈǺ? 10,000 g25˚C% 2Ø̆ˮŽ
Ø̓ŶIN\iȷ?ěĀ0.1%*M˹% 100º)Ś˺IN\i
ȷ* 8-fc-cGMP *Ȉţ̸Co̰µM̱̹ ?˞*ˢ:LC-MS/MS ?Ȣ	$
Ǘ×logPo/w*¼?¤*ŧ)8:ɜ× 
   logPo/w = log Co/Cw = log Co/(100  Co) 
 




*yEW8- LPSÖȝyEW*Žɚɮɻ9 PKG1α?ɤʬ 31)yEW
Žʕv}Vhc̰5 mg̱? 8-AET-cGMP-BKW&ě˗(9 4˚C% 2Ƽ
̆DLtc̚ Ȗȩȱ)ɰĈ\lNˏ?ǳǷǺ̰ 50 mM Tris-HCl pH 







2.11  \lNˏ*ĉŃ& S-OBfð˵¬*ȖŃ*5*raI{ʵǏ  







BVcaNiVɇ ̱ŻŒǶ®Lq̰ G4240BVcaNiVɇ ̱
L~oxr̰ G1379BBVcaNiVɇ ̱ȀţʗëˇɞĘ̰ G1377A
BVcaNiVɇ̱?ÁIcTr%ǙƋ< HPLC ^_r
-MS UWa{&®)(!$	; ESI-Q-TOF \b{ĥˏ˽ØǏĘ̰6510BV
caNiVɇ̱%ʵǏÌ$*}V*ßŹ)+MassHunter[pc
EFB̰ version B.02.00BVcaNiVɇ ?̱°ȢŻŒǶ®ˠȷ HPLC
^_r̰Zorbax 300SB-C18ɣŴ 5 mmÏŴ 75 mÌ̃ 43 mm̱?ur^d*Ø̓
 22 
*5)Ȣ	MSēˏəɩ*Ǧ)ȃ 0.1%M˹̰ȃĻ A̱&BYcfc
)ȃ 0.1%M˹̰ȃĻ Ḇ?ɋëȷ)Ȣ	eixr)8: 600 nL/min*
ï˶eiǶë?ŮƋï˶+ 9Ø̆%ɋëȷ B 5%9 75%.&(;8
)
Tr*ÇĮ)+Ƕˣ? 4 mL/minɋëȷ? 0.1%M˹&$L~o
xr?Ȣ	BVcaNiVɇ* ESI-Q-TOF ǜĘ+xVaCqDI
ð}d)$DIð̕ġ? 1850 VƳȔð̕ġ? 300˚C 175 V%˪Ȣr
cðDIØļ+ʧɑGhM̕ġ? 3 V9 100 Da&) 3.7 Vİ7
8
ʻŃʗëMS/MS}d)$ƳȔð˱Ɠ m/zŝ+MS}d% 300 


















ǡĨ ̱ur^dʼŇ˅Ř+± 1.2 DaMS/MSʼŇ˅Ř+± 1.2 Daur^d*̕ʞ
+ 2+& 3+ǜĘ\Dr+ ESI-QUAD-TOF&ĉŃ*̏ƂÜŃ+ɰǐ* [−10 × 
log(P)] *WRB̈¼t8:̣ʠ)­	&̰p < 0.05̱& 
 
2.12  yEWŽɚɮɻ* VASP*˹ð  
 PKGǵƂð*ƙǛ&$VASP*˹ð?ʵǏLPS?Ƒ$ 12Ƽ̆
ŶyEW*Žɚɮɻ?ěĀ50 mM HEPES̰pH 7.4 ̱ 1% Triton X-10010% O





Ǿ̰<<\lNˏ˽ 10 µg̱?ƒ˹ð VASPƒ®*EGW\q_c
)²9)ĉq_c?ƒ VASPƒ®%ʵǏVASP*ɶ˽?ȁŃ 
 
2.13  ɱʸʵǏ  
 Ń˽ȱʵǏ*ɰǐ+ŞĤ¼ ± ǛȂ½Ř̰SḎ%Ɇćń̩Ǌ¦*b\+




ɘ 3ɔ  ȿɏɰǐ  
3.1  in vitro); PKG* S-OBfð*ʵǏ  
 2Û5)PKG* S-OBfð˒;'
?ˇ/;5)in vitro)
	$ 8-fc-cGMP &*ÿſ)8; PKG * S-OBfð?ʵǏɮơmc
PKG1α?ʿ̩ɝÏ% 8-fc-cGMP &ÿſƒ S-OBfðƒ®?Ȣ	EG
W\q_c?ʥ!*ɰǐ8-fc-cGMPÖȝ+ÿſƼ̆³ľȱȈţ
³ľȱ)ƺȻ) PKG1α? S-OBfð;&Ø!̰ ğ 6A, B ̱2PKG1α
* S-OBfð*˱ƓƂ?ʵǏ;5)^IĨ?ǃ; DTT&ɖĈ$ 8-
fc-cGMP&ÿſ&=PKG1α* S-OBfð+ 10 mM DTT*ľĢ%
6ƺȻ)Ǘ×<̰ğ 7A ̱ƵPKG1α* S-OBfð+cGMPBeO%
; Rp-8-q}-cGMPS*ľĢ)8:˵Øȱ)̊ņ<&9̰ ğ 7B ̱Rp-8-q
}-cGMPS )8; PKG* cGMPɰĈ˵¬.*ɰĈ+ S-OBfð&ɖĈ;&
Ɇė<¡* PKGBD[pH{%; PKG1β6 8-fc-cGMP)8:êȚ








Ń<Cys42 & Cys195 ?ċ4 2 "*ur^d S-OBfð?Ă$	;&
Ø!̰ğ 9 ̱PKG1α+ 11¹*UWaDǡĨ?ċ@%	;Cys42& Cys195
¤ĵ)S-OBfð<ur^d+Ǘ×<(! 




+Ǘ×%(	t2%ǿœ̰ğ 10A ̱<9*&9PKG1α* 11¹*
UWaDǡĨ*
 Cys42 & Cys195 )˱Ɠȱ) S-OBfð˒;&Ɇ
<̰ğ 10B ̱ 
 
3.2  PKGǵƂ)Ō; S-OBfð*ű̞  
 Ǟ)S-OBfð˸ɪǵƂ);ű̞?ƺ9);5)˼Ƞĥ8-
CysĴȩ® PKG1α?Ȣ	$ in vitroLeZB_YD?ʥ!ɉ*ƍŖ;ȿɏŅ
*¤â*ĩĎ&ĉǚ)8-fc-cGMP + cGMP &ĉɌţ)˼Ƞĥ PKG1α?ǵƂð
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;&Ɇ<̰ğ 11 ̱(ƍŖȿɏŅ* LPS&ȊȮƂTDcJD?Öȝ
 C6ɬʊ*ʵǏɰǐ9cGMP*ɬʊÏȈţ+ɧ 4 µM8-fc-cGMP*ɬʊ
ÏȈţ+ǂķ 40 µM )ˬ;&Ɇ<$	; 14)̚ɷŮěś)8;˸ɪÿſˣ
ţˈȱʵǏ?ʥ!&=cGMP 8- 8-fc-cGMP )8; PKG1α*ʰ*
LeZǵƂðŃư̰Ka̱+<<110 ± 5 nM119 ± 3 nM%!Hillr
_cʵǏ9cGMP& 8-fc-cGMP* Hillµư+̳8:ķPKG* 2"
* cGMPɰĈ˵¬)Ō$Øļ 2"õˇȱ)ɰĈ;(> ̳"ȵ*Øļ*ɰ
Ĉ)8!$ 2"ȵ*Øļ*ɰĈ¶˧<;&Ɇ<̰ğ 12 ̱ 
 Ǳȵ/&)ÿſǺ9 PKG)ɰĈ$	(	˩̓* cGMP8- 8-fc
-cGMP ?̎üŶ)˸ɪǵƂ?ȁŃ;&cGMP & 8-fc-cGMP &*̆)
ǃƈ(˭	ʴŋ<ʏĭÖȝ(	ĪĈ8-fc-cGMP+ cGMP&ĉɌţ)
PKG1α?ǵƂð̰ğ 13A ̱(98-fc-cGMP%Öȝ? PKG?
























ʤɝÿſ)Ō; 8-fc-cGMP *êǐ?ˇ/*ʵǏ%+ʔˡ˫Ƃ% PDE






9&(!̰ʩ 1 ̱2˹ƂǊ¦%+ 8-fc-cGMP 8- 8-q}-cGMP
*ȪǦƂ+8:̫(;&Ɇė< 
 ȪǦȱƂˏɄ˂< 8-fc-cGMP *ɬʊʔˡ˫Ƃ?Ǘʾ;5)ħ̨
ɬʊ?Ȣ	$ 8-fc-cGMP ?ɬʊĵ)ǽèĪĈ)ɬʊʔ?'*ɌţêȚȱ)
ˡ˫;?ˇ/mcöȜǚ THP-1ɬʊ? 10 µM 8-fc-cGMP% 30Ø̆Öȝ
?;&ɬʊÏ* 8-fc-cGMPȈţ+ 104.3 ± 39.8 nM%!O\^I
+8-fc cGMP*ɬʊÏ%*ŁŃƂ)ű̞?þ1ǂ6ˌŊ)ľĢ;ɬʊÏ^
I%;in vitro%*ʵǏ91 µM 8-fc-cGMP& 1000º˫ä̰1 mM̱
*O\^I?Ƃk_pA%37˚C2Ƽ̆ÿſŶ%ɧ 50%*
8-fc-cGMP ÿſǺ)ǡ!$	;&Ɇ<̰ğ 15A ̱9)ĵ9
è 8-fc-cGMP )ķëʎO?ǀ̘ĪĈ)ķëʎO% 8-fc
-cGMPŁŃ)Ǘ×<;'
?ˇ/*ɰǐLC-MS/MSʵǏ)8!$ķ
ëʎO9 8-fc-cGMPǗ×<̰ğ 15B ̱2EGW\q_c)
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8:ķëʎO* 8-fc-cGMP ɮɻ*\lNˏ? S-OBfð;
&Ɇė<̰ğ 16 ̱ 
 %Ǟ)8-fc-cGMPÖȝʤɝÿſ);ű̞?ˇ/Ȣ	ń̩
Ǌ¦)	$8-fc-cGMP+yEWķëʎ*pFfp³ľƂʤɝĀɹ?
̣ʠ)Ɛß̰ ğ 17lh ̱8-fc-cGMP69ʤɝÿſƂ*­+
Krebs-HenseleitɸʧǺ%ķëʎ?ǳǷIKkW9 8-fc-cGMP?̎ü
Ŷ%ƺȻ)ʴŋ<̰ğ 17lh ̱8-q}-cGMP)8;Öȝ62
ëʎ);pFfp³ľƂ*ʤɝĀɹ?ǿŪ̰ ğ 17lh ̱
(98-fc-cGMP &+Ōȏȱ)* 8-q}-cGMP *¯Ȣ+I




3.4  in vivo); PKG* S-OBfð& LPSÖȝ)8;İŬ  
 ǂŶ)in vivo); PKG* S-OBfð?ˇ/;5)LPSƑ}by
EW); PKG * S-OBfð?ʵǏʵǏ)ʮ;ɮɻ˽?óØ)Ÿ;
5)ʤɝ*£>:)ĉźȞĘɦ%;Žʕɮɻ?yEW9ƥ×Ȣ	8-f
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c-cGMP*ȠƋ)+ ROS& NOžʮ%;&9in vivo% ROS& NO*ȡ
Ƞ?˃ő;5)yEW) LPS?ʓʑÏƑ* LPSƑǊ¦)	$
LPS Ƒ 6 Ƽ̆Ŷ)yEWŽʕ%* iNOS Ȱț*ǃƈ(İèʴŋ<iNOS *Ȱ
ț+ 12Ƽ̆Ŷ2%ɸ7)İè̰ğ 18 ̱ 
 ŁŃĉ¬®Ś˺ǯ& LC-MS/MS?Ȣ	ʵǏ)8:LPSƑŶ 12Ƽ̆*yEW
Žʕɮɻ)	$ 8-fc-cGMPʠƺ)İè̰ğ 19 ̱EGW\q_c)
8:ĉɮɻ*\lNˏ S-OBfðİè$	;&ƺ9)(!̰ ğ




21A ̱ʮ(̵"*kd+PKG1̰kd 1 ̱cAMP³ľƂraDLeZ 
\Dr-IαˇɞTqf_c̰kd 2 ̱BN^̰kd 3̱%!̰ʩ 2 ̱ƒ
PKGƒ®?Ȣ	EGW\q_c)8:kd 1+PKG1%;&Ʉ˂<
̰ğ 21B ̱ƒ S-OBfðƒ®?Ȣ	EGW\q_c)8:LPS Ƒ?
$	(	ĪĈ%6 PKG1* S-OBfðƺȻ)ʴŋ<<+ŃŜȗƊ)
	$ PKG * S-OBfð? Ƞȝȱ(UOe¨ˬ?Ɇė;˻ʮ(ɰǐ
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&ƀ><;̰ğ 21C ̱bUc|cʵǏ%+LPSƑ)8: PKG* S-OBf
ðǃƈ)İè;&Ɇ<ɶ PKG)Ō; S-OBfð PKG*kd
Ŭţ*ǤȚ+PBS ƑRc& LPS ƑTr%<< 0.230.57
%!<9*b\+in vivo)	$Ȗ) NO& ROS*˫äȡȠ*6&
%PKG * S-OBfð˒;&?Ɇė$	;ǂŶ)LPS Ƒ8-R
c*yEW)"	$PKGǵƂð*ƙǛ&$ VASP*˹ð?ˇ/
*ɰǐVASP*˹ð+LPSƑ)8:PBSƑRc)Ǥ/İè
ʰ9<̰ğ 22 ̱ɶ VASP)Ō;˹ð VASP*kdŬţ*ǤȚ+LPS
ƑyEWŽʕ%+ PBSƑRc)Ǥ/ɧ 1.8º̫˞* LPSƑ)8




ɘ 4ɔ  ʂŋ  
 ǈȿɏ)	$8-fc-cGMP+ in vitro)	$ PKG1? S-OBfð;
&ƺ9)(!PKG1α* CysĴȩ®?Ȣ	EGW\q_c&ˏ˽ØǏ)
8;ʵǏ)8: Cys42& Cys195 S-OBfð?Ă;Bzi˹ǡĨ%;&
ƺ9)(!CysĴȩ®?Ȣ	 in vitro LeZB_YD)8:Cys195* S-
OBfðPKG1α*ƘɲȱǵƂð)̇>;&ƺ9)(!˞*8
)
PKG1α+ǜʌȱ)ȩ(;	"*d|D%ǙƋ<$	;̰ ğ 5A ̱NǇɕ)
	$RDdRDŞʥ(v}˽®*Ǚˤ*ŮƋ?¶$:<)ɲ	$
ʗř̊ņ̰AI̱d|D& 2"* cGMPɰĈ˵¬ľĢ<9*d|Dõĉ












	;̰ğ 23 ̱ 





















 PKG1α& 8-fc-cGMP *Øļd_LOʵǏ)8:8-fc-cGMP + cGMP
&ĉǚ)̫ʳĒƂɰĈxP_c)ɰĈ;&Ɇė<̰ğ 24 ̱d_LOʵ








̳"* S-OBfð˵¬%; Cys42 +RDdRD˽®ðd|D&
AI d|D*̆)ľĢ$	;<2%)˫˹ðǦɪÖȝ+ćTqf_c*
Cys42 ĉĲ%Tqf_c̆VWpCdɰĈ*ŮƋ?˒ǙˤĴð? $
cGMP ̚³ľȱ) PKG1α?ǵƂð;&ĩĎ<$	; 26)ǈȿɏ*b\%
+C42S Ĵȩ®+˼Ƞĥ&ĉǚ) 8-fc-cGMP %ǵƂð<;&9Cys42
) S-OBfð+˒;6**˸ɪ*ǵƂð)+ű̞(	&Ɇ<̰ ğ 10
14 ̱ 
 ǈȿɏ)8:8-fc-cGMP+ PKG1α%( PKG1β)6 S-OBfð?6
 36 
9&ƺ9&(!̰ğ 8 ̱PKG1α& PKG1β+ prkg1 ˲¨ļ9I\e
aCqWrDUO)8:Ƞ; PKG1*BD[pH{%; 35)* 2"*B
D[pH{+ N Ǉɕ*DUV_ld|Dȩ(!$	; 36)\l
Nˏ S-OBfð)̇$+PKG1β%+PKG1α* Cys42)ȷŭ; NǇɕ* Cys
ǡĨǝĹ$	;¡* CysǡĨ+ PKG1α&ǘ5$8ʙ$	;̰ğ 25 ̱
ŷ!$PKG1α* Cys195)ȷŭ; PKG1β* Cys210 8-fc-cGMP)8; S-O
Bfð?Ă;˵¬%;&Ɵȁ<; 
 ˫ü*ȿɏ)8:8-fc-cGMP+ʤɝ)Ō$ȷƂ*¯Ȣ?Ɇ&ʰ×




























; PKG1 UOeƐß<;&?ĩĎ 40)țƼȌ%+S-OBfð PKG
*Øʵ˫Ɍ)"	$+2ǆʵƺ%;IcpAV7raB[{)8;
 38 
Øʵ?ˇ/;&)8!$8-fc-cGMP )8; PKG ǵƂð*|JfX{*ßŹ
ǜǙ&*ȭƊȠȝȱƈɿ*ʵƺ˧46*&ʂ9<; 






























8-fc-GTP +*ŶOBf˹UNZ*ʶĻ¯Ȣ)8: 8-fc-cGMP .&
Ĵơ<;ğ 188-ğ 198:LPSƑyEW*Žʕɮɻ%+iNOS*
̣ʠ(Ȱț&&6) 8-fc-cGMP ʠƺ)İè;Ƶ% cGMP +0&@'Ĵð










;&ƺ9&(!*&9ʤɝŞȄɚ) C195S Ĵȩ® PKG1α?Ȱț






6*%; 14,15,17)ʚďǻ	&)ȠȝȱǊ¦%6 PKG * S-OBfð+ƺȻ)
ʴŋ<̰ğ 21 ̱*&9 PKG ÏĜƂ* S-OBfð)ƉĂƂ̫	Ǜȱ
\lNˏ%;&Ɇė<; 




DIEØļɍȠ®Ï)ˌŊ)ľĢ̰ğ 26 ̱8-fc-cGMP 9 8-SH-cGMP .
&Ĵơ;&?ƺ9)̰ğ 27̱46)ǵƂUWaDlWpCd*ȠƋ%
+œ(&6˵Øȱ)+DIE˗ɋɯ˕*˸ɪ%;UW\^If β-U\



















!$	;&Ɇė<;̰ğ 28 ̱ 
 Ƶ\lNˏ*xTpAð^IĨ+ˢŜ*^IĨ)Ǥ/$ǩǔƂ
̫˹ðWcWǊ¦%+Ňƻ)˹ðȱ¸̧?Ă$Ƀ̭ûļʏ̓; 46)
























¶˧8- S-OBfð*Ɛß? $ PKG *ƘɲȱǵƂð?­ǿ;&Ǆŵ
<;2ǵƂDIEØļɍ*ɬʊÏt?ƹ;&DIE˗ɋÿſ?
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ğ 1 ǵƂ˹ɪNO*ȡȠɦ&Ƞȝǜʌ  
Ʊș 188:ƪĴ 
ğ 2 8-fc-cGMP)8;\lNˏʀʽŶ¸̷̧\lNˏ S-OBfð  
Ʊș 98:ƪĴ 
ğ 3 8-fc-cGMP*ȠĈƋǜǙUOe¨ˬǜǙ£ˊǜǙ  
Ʊș 188:ƪĴ 
ğ 4 cGMP³ľƂraDLeZ̰PKG̱*Ƞȝǜʌ  




Substrate-bindingĨˏɰĈd|D ̰ ḆBxȗƊ* PKG1α+ĨˏɰĈd|D
ʗř̊ņd|D&ɰĈ$	;̫ ʳĒƂ cGMPɰĈd|D.* cGMP*ɰĈ)
ŷ	PKG1α)RpH|UĴðȠĨˏɰĈd|Dʗř̊ņd|D
9ʵ̓;&%ǵƂðȗƊ&(:Ĩˏ?˹ð; 
ğ 6 ɮơmc PKG1α* 8-fc-cGMP)8; S-OBfð̰ ƒ S-OBf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ðƒ®)8;EGW\q_cʵǏ̱  
̰A̱ÿſƼ̆³ľƂɮơmc PKG1α? 200 µM 8-fc-cGMP& 37C%ğ)
ɆƼ̆%ÿſ̰ Ḇ8-fc-cGMP Ȉţ³ľƂPKG1α&ćɍȈţ* 8-f
c-cGMP? 37C180Ø̆ÿſ̰ A̱&̰Ḇ&6) 1: 100 
ng* PKG1α?ǲëƒ S-OBfðƒ®)8;EGW\q_c%ʵǏ 
ğ 7 8-fc-cGMP)8;ɮơmc PKG1α* S-OBfð);˳Æĥ
^I8- cGMP˃ő®*ű̞  
̰A̱˱Ɠȱ( PKG1α S-OBfð.*˳Æĥ^IðĈȕ DTT*ű̞10 mM 
DTTľĢ%PKG1α&ćɍȈţ* 8-fc-cGMP? 37˚C180Ø̆ÿſ
̰ ḆcGMP ˃ő®ɰĈ* S-OBfð.*ű̞ćɍȈţ*vWvVGW
aZʄƂ cGMP˃ő® Rp-8-q}-cGMPSľĢ%PKG1α? 200 µM  8-




ğ 8 PKG1β* 8-fc-cGMP)8; S-OBfð  
ɮơmc PKG1β? 200 µM 8-fc-cGMP& 37˚C%ğ)ɆƼ̆%ÿſ 
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1: 100 ng* PKG1β?ǲëƒ S-OBfðƒ®?Ȣ	EGW\
q_c)8: S-OBfð?ʵǏ 
ğ 9 LC-Q-TOF-MS/MS )8; PKG1α* 8-fc-cGMP )8; S-OBfð
CysǡĨ*ĉŃ  
mc PKG1α? 8-fc-cGMP̰ 200 µM &̱ 37˚C% 3Ƽ̆ÿſŶ)crU
ǹðLC-Q-TOF-MS/MS)8:ur^d?ʵǏcGMP¢è¸̧)8;ˏ˽*
İè?ƙǛ&$ S-OBfður^d?Ǘɫ<< Cys42̰ŗlh̱8




ğ 10 ćɍ CysĴȩ® PKG1α);  8-fc-cGMP)8; S-OBfð̰ A̱
&mc PKG1α*d|DǙˤ  
̰A̱EGW\q_c)8; PKG1α* S-OBfð*ʵǏ˼Ƞĥ8-ćɍ
CysĴȩ® PKG1α? 200 µM 8-fc-cGMP% 3Ƽ̆Öȝƒ S-OBfðƒ®)
8;EGW\q_c% S-OBfð?ʵǏ̰ Ǣ ̱ĉTr?ƒ PKGƒ





ğ 11 in vitro); cGMP2+ 8-fc-cGMP*Ȉţ³ľȱ( PKG1α*
ǵƂð  
ɮơmc PKG1α?ćɍȈţ* cGMP̰ A̱2+ 8-fc-cGMP̰ Ḇ& 30Ø̆ÿ
ſ˸ɪǵƂ+PKG*Ĩˏ%;OW\Dd& 32PǛˋ ATP?Ȣ	 in 
vitroLeZB_YD)8:ȁŃb\+ŞĤ¼±ǛȂ½Ř%Ɇ̰n = 3 ̱ 
ğ 12 cGMP̰ A̱8- 8-fc-cGMP̰ Ḇ)8; PKG1αǵƂð*˸ɪÿſ
ˣţˈȱʵǏ& Hillr_c  
lh̚ɷŮěśr_c)8;˸ɪÿſˣţˈȱʵǏlhHillr_
c 
ğ 13 in vitro); PKG1α*ĄˠȱǵƂð  
cGMP 2+ 8-fc-cGMP )8;mc PKG1α*ǵƂð);ʏĭÖȝ*ű̞
PKG1α? cGMP6+ 8-fc-cGMP̰&6) 200 µM̱& 5, 10, 30Ø̆ÿſ
ŶÿſǺ?")ØƵ+*22̰AʏĭÖȝ( ̱6
Ƶ+̌ĵȉ
˫ cGMP˃ő®?̎ü̰BʏĭÖȝ: ̱ćÖȝɾ*˸ɪǵƂ? in vitro L
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eZB_YD)8:ȁŃb\+ŞĤ¼±ǛȂ½Ř%Ɇ̰n = 3 ̱**p < 
0.01 vs cGMPEGW\q_c%ʏĭÖȝŶ* PKG1α*ěĀ˽?Ʉ˂̰ D
Y_c ̱ 
ğ 14 ˼Ƞĥ8- Cys Ĵȩ® PKG1α* 8-c-cGMP )8;ǵƂð)Ō
;ʏĭÖȝ*¯Ȣ  
˼Ƞĥ8- CysĴȩ® PKG1α? 200 µM 8-fc-cGMP& 37˚C% 3Ƽ̆ÿſ
ŶÿſǺ*˵+*22̰ʏĭÖȝ( ̱ǡ:+̌ĵȉ˫ cGMP ˃ő®?
̎ü̰ʏĭÖȝ: ̱ʏĭÖȝ(8-Öȝ: PKG ȃǺ*˸ɪǵƂ? in 
vitro LeZB_YD)8:ȁŃb\+ŞĤ¼±ǛȂ½Ř%Ɇ̰ n = 3 ̱
**p < 0.01 vs ʏĭÖȝ(WT˼Ƞĥ 
ğ 15 LC-MS/MS)8; 8-fc-cGMP*ʵǏ  
̰A̱O\^IľĢ%* 8-fc-cGMP*ŁŃƂ100 mM ˹ecE{
̰pH7.4̱%8-fc-cGMP̰1 µM̱& 1 mMO\^I? 37˚C% 2Ƽ̆ÿſ
̰ Ḇ200 µM 8-fc-cGMP% 37˚C2Ƽ̆Öȝ?yEWķëʎO
* 8-fc-cGMP *Ǘ×8-fc-cGMP +Ƶǯ*̟)ʺ˙Ƶǯ%ƕ×
LC-MS/MSʵǏ?ʥ! 





ğ 17 yEWķëʎ); 8-fc-cGMP )8;Ƙɲȱ(pFfp
)Ō;ÿſƂ­*˃ő  
Ïȳ?ǃyEWķëʎO? Krebs-Henseleitk_pA37˚C% 2Ƽ̆200 
µM* 8-fc-cGMP̰ A 2̱+ 8-q}-cGMP̰ B ̱6+ PBS%Öȝ?
*ŶćɍȈţ*pFfp)8;ʤɝĀɹ?ȁŃ̰ǳǷ( ̱2ʤ
ɝĀɹȁŃ*â)ʤɝO?Krebs-Henseleitk_pA%ǳǷ6*)"	$ĉ
ǚ)ʵǏ̰ǳǷ: ̱PBS̰ n = 2 ̱8-fc-cGMP̰ n = 3 ̱8-q}-cGMP̰ n 
= 3 ̱  
ğ 18 yEWŽʕɮɻ); LPSƑŶ* iNOSȰț*Ƽ̆ȱĴð  
C57BL/6yEW) LPS̰32 mg/kg̱?ʓʑÏƑğ)Ɇɯ˫Ƽ̆&*Žʕv
}Vhc?Ÿćv}Vhc*\lNˏ˽?Ơ$ǲëƒ iNOSƒ®?
Ȣ	EGW\q_c)8: iNOS ?Ǘ×Ƚù+<< iNOS 8-
β-actin&ĉØļTDX?Ɇ 
ğ 19 LPSƑyEWŽʕɮɻ); 8-fc-cGMP*İè  
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LPSƑ 12Ƽ̆Ŷ*yEW̰LPS̱8-RcyEW̰PBS̱*ćŽʕɮɻ
9Ƶǯ*̟)ŷ!$ 8-fc-cGMP 8- cGMP ?ƕ×ŁŃĉ¬®ǛˋǛē
?Ȣ	 LC-MS/MSʵǏ)8!$ȁŃ̰ A̱8-fc-cGMP8- cGMP&ć
ŁŃĉ¬®ǛˋǛē*NycO{̰ ḆÏĜƂ* 8-fc-cGMP 8- cGMP
*Ń˽ȱʵǏb\+ŞĤ¼±ǛȂ½Ř%Ɇ̰n = 3 ̱*p < 0.05 vs PBS 





ğ 21 yEWŽʕ); PKG1α*ÏĜƂ S-OBfð*ĉŃ  









ğ 22 LPSƑyEWŽʕɮɻ); VASP˹ð  
LPS Ƒ 12 Ƽ̆Ŷ*yEWŽʕɮɻ)"	$ƒ˹ð VASP ƒ®8-ƒ VASP
ƒ®)8;EGW\q_c?ʥ!ąOp)˹ð VASP*ɶ VASP)
Ō;kdŬţǤ)"	$bUc|cʵǏɰǐ?Ɇb\+ŞĤ¼
±ǛȂ½Ř%Ɇ̰n = 3 ̱**p < 0.01 vs PBS 
ğ 23 8-fc-cGMP)8; PKG*ƘɲȱǵƂð*Øļ|JfX{  
ğ 24 cGMP8- 8-fc-cGMP& PKG1α&*ɰĈ*d_LO}b  
̰A̱Ro\UzU)8:ȁ 8-fc-cGMP & PKG *ȷ
¯Ȣ}b̰ ḆCys195 *DIEûļ& cGMP̰ŗlh̱2+ 8-fc-cGMP
̰ąlh *̱OBf* C-8&*̆*˔̓PKG1α&gNI^d&*ɰĈ*Øļ
d_LO}b+ CLC drug discover Workbench 2.4.1 (Qiageṉ?Ȣ	$PKG1α*
Ƶ* cGMPɰĈ˵¬?ċ4 299Bzi˹* XɷɰƾǙˤ ̰PDB ID: 3SHṞ?6
&)ʵǏ 24)ȞȗgNI^d+2ǞÆǙˤ? Pubchem̰ SID: 2663837̰ cGMP ̱
SID: 2663838̰8-fc-cGMP̱̱ 9ËƎʺ[pcEFB% 3ǞÆǙˤ.Ĵơ
Ŷ PKG1α.*ɰĈ?ʵǏ 
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CBSUW\^If β-U\ZCSEUW\^If γ-BZƱș 458
:ƪĴ 
ğ 27 ǵƂDIEØļɍ)8; 8-fc-cGMP*£ˊ  
ǵƂDIEØļɍ+ 8-fc-cGMP &ǩǔɽơÿſ˥ɲDIE? 
cGMPB]Nc*ŮƋ?ɯ$8-SH-cGMP.&£ˊ;Ʊș 468:ƪĴ 
ğ 28 \lNˏxTpAð)8; 8-fc-cGMPȠȝǵƂ*ßŹ  
ğ 29 \lNˏ S-OBfð)8; PKG *ƘɲȱǵƂð&GdcLU
U_NȭƊ  




ʵǏ*25C%*ȁŃ¼** International Chemical Safety Cards9ŨȢ 
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ʩ 2 raIzNW)8; cGMP BKW)8;D{iBpCfaCɤ






















(reactive nitrogen oxide 


























































































































ğ 5 mc PKG1α*d|DǙˤ̰A̱&ǵƂðǜṴ̈̌Ḇ 
̰A̱mc PKG1α*ǞǙˤ&ćd|DȽù+ Cys ǡĨ?ɆDimer]D
yŮƋd|DAIʗř̊ņd|DcGMP highcGMP ̫ʳĒƂɰĈd|
D cGMP lowcGMP­ʳĒƂɰĈd|DATP-bindingATPɰĈd|D
Substrate-bindingĨˏɰĈd|D ̰ ḆBxȗƊ* PKG1α+ĨˏɰĈd
















111! 228! 344! 474! 670!
C!N!
REGULATORY DOMAIN! CATALYTIC DOMAIN!


























   
 
 
ğ 6 ɮơmc PKG1α* 8-fc-cGMP )8; S-OBfð̰ƒ S-OB
fðƒ®)8;EGW\q_cʵǏ̱ 
̰A̱ÿſƼ̆³ľƂɮơmc PKG1α? 200 µM 8-fc-cGMP& 37˚C%ğ
)ɆƼ̆%ÿſ̰ B 8̱-fc-cGMPȈţ³ľƂPKG1α&ćɍȈţ* 8-
fc-cGMP? 37˚C% 180Ø̆ÿſ̰ A̱&̰Ḇ&6)1:


















    
 
ğ 7 8-fc-cGMP )8;ɮơmc PKG1α* S-OBfð);˳
Æĥ^I8- cGMP ˃ő®*ű̞ 
̰A̱˱ Ɠȱ( PKG1α S-OBfð.*˳Æĥ^IðĈȕ DTT*ű̞10 mM 
DTTľĢ%PKG1α&ćɍȈţ* 8-fc-cGMP? 37˚C180Ø̆ÿſ
̰B c̱GMP˃ő®ɰĈ* S-OBfð.*ű̞ćɍȈţ*vWvVGWaZ
ʄƂ cGMP ˃ő® Rp-8-q}-cGMPS ľĢ%PKG1α? 200 µM  8-fc
-cGMP& 180Ø̆ÿſ̰A &̱̰ B &̱6)1: 100 ng* PKG1α
?ǲëƒ S-OBfðƒ®?Ȣ	EGW\q_c)8: S-OBfð?










  +           +        +           +           
            −           1          10        100Rp-8--cGMPS (µM) 













ğ 8 PKG1β* 8-fc-cGMP )8; S-OBfð 
ɮơmc PKG1β? 200 µM 8-fc-cGMP& 37˚C%ğ)ɆƼ̆%ÿſ 













ğ 9 LC-Q-TOF-MS/MS )8; PKG1α* 8-fc-cGMP )8; S-OBf
ð Cys ǡĨ*ĉŃ 
mc PKG1α? 8-fc-cGMP̰ 200 µM &̱ 37˚C% 3Ƽ̆ÿſŶ)crU
ǹðLC-Q-TOF-MS/MS)8:ur^d?ʵǏcGMP¢è¸̧)8;ˏ
˽*İè?ƙǛ&$ S-OBfður^d?Ǘɫ<< Cys42̰ ŗlh̱
8- Cys195̰ąlh̱?ċ4̴"*ur^d* S-OBfðɆ<*C






Peptide*! Amino acid sequence! m/z!






Peptide*! Amino acid sequence! m/z!























200! 600! 1000! (m/z)!










ğ 10 ćɍ Cys Ĵȩ® PKG1α); 8-fc-cGMP )8; S-OBf
ð̰A̱&mc PKG1α*d|DǙˤ 
̰A̱EGW\q_c)8; PKG1α* S-OBfð*ʵǏ˼Ƞĥ8-ćɍ
CysĴȩ® PKG1α? 200 µM 8-fc-cGMP% 3Ƽ̆Öȝƒ S-OBfðƒ®





































111! 228! 344! 474! 670!
C!N!








ğ 11 in vitro ); cGMP 2+ 8-fc-cGMP *Ȉţ³ľȱ(
PKG1α*ǵƂð 
ɮơmc PKG1α?ćɍȈţ* cGMP̰A̱2+ 8-fc-cGMP̰Ḇ& 30Ø̆
ÿſ˸ɪǵƂ+PKG*Ĩˏ%;OW\Dd& 32PǛˋ ATP?Ȣ	 































































ğ 12 cGMP̰A̱8- 8-fc-cGMP̰Ḇ)8; PKG1αǵƂð*˸ɪ


















0 .5 1 .0
-5 0 0 0
0
5 0 0 0
1 0 0 0 0
1 5 0 0 0
5 0 1 0 0 1 5 0
Vmax = 11167 ± 251.5!
Ka = 0.1569 ± 0.019 µM!
cGMP (µM)!

































0 .5 1 .0
-5 0 0 0
0
5 0 0 0
1 0 0 0 0
1 5 0 0 0
5 0 1 0 0 1 5 0
Vmax = 10532 ± 191.4!
Ka = 0.1238 ± 0.012 µM!
8--cGMP (µM)!





























































ğ 13 in vitro ); PKG1α*ĄˠȱǵƂð 
cGMP2+ 8-fc-cGMP)8;mc PKG1α*ǵƂð);ʏĭÖȝ*ű̞
PKG1α? cGMP6+ 8-fc-cGMP̰ &6) 200 µM &̱ 5, 10, 30Ø̆ÿſ
ŶÿſǺ?")ØƵ+*22̰AʏĭÖȝ( ̱6
Ƶ+̌ĵ
ȉ˫ cGMP˃ő®?̎ü̰ BʏĭÖȝ: ̱ćÖȝɾ*˸ɪǵƂ? in vitro 
LeZB_YD)8:ȁŃb\+ŞĤ¼±ǛȂ½Ř%Ɇ̰n = 3 ̱**p 









































































ğ 14 ˼Ƞĥ8- CysĴȩ® PKG1α* 8-c-cGMP)8;ǵƂð)Ō
;ʏĭÖȝ*¯Ȣ 
˼Ƞĥ8- CysĴȩ® PKG1α? 200 µM 8-fc-cGMP& 37˚C% 3Ƽ̆ÿſ
ŶÿſǺ*˵+*22̰ʏĭÖȝ( ̱ǡ:+̌ĵȉ˫ cGMP˃ő®
?̎ü̰ ʏĭÖȝ: ̱ʏĭÖȝ(8-Öȝ: PKGȃǺ*˸ɪǵƂ? in 
vitro LeZB_YD)8:ȁŃb\+ŞĤ¼±ǛȂ½Ř%Ɇ̰ n = 3 ̱






































ğ 15 LC-MS/MS )8; 8-fc-cGMP *ʵǏ 
̰A̱O\^IľĢ%* 8-fc-cGMP*ŁŃƂ100 mM ˹ecE
{̰pH7.4̱%8-fc-cGMP̰1 µM̱& 1 mMO\^I? 37˚C% 2Ƽ̆







1 µM  8--cGMP!
control!
A! B!

































ğ 17 yEWķëʎ); 8-fc-cGMP)8;Ƙɲȱ(pFfp
)Ō;ÿſƂ­*˃ő 
Ïȳ?ǃyEWķëʎO?Krebs-Henseleitk_pA37˚C% 2Ƽ̆
200 µM* 8-fc-cGMP̰A̱2+ 8-q}-cGMP̰B ̱6+ PBS%Öȝ
?*ŶćɍȈţ*pFfp)8;ʤɝĀɹ?ȁŃ̰ǳǷ( ̱
2ʤɝĀɹȁŃ*â)ʤɝO? Krebs-Henseleitk_pA%ǳǷ6*
)"	$ĉǚ)ʵǏ̰ǳǷ: ̱PBS̰n = 2-3 ̱8-fc-cGMP̰n = 3 ̱8-






































































































































ğ 19 LPS ƑyEWŽʕɮɻ); 8-fc-cGMP *İè 
LPSƑ 12Ƽ̆Ŷ*yEW̰LPS̱8-RcyEW̰PBS̱*ćŽʕɮ
ɻ9Ƶǯ*̟)ŷ!$ 8-fc-cGMP8- cGMP?ƕ×ŁŃĉ¬®ǛˋǛ
ē?Ȣ	 LC-MS/MSʵǏ)8!$ȁŃ̰ A̱8-fc-cGMP8- cGMP
&ćŁŃĉ¬®ǛˋǛē*NycO{̰ ḆÏĜƂ* 8-fc-cGMP8-


















































m/z 351    157?
50 counts?
4? 6? 8? 10? 12? 14?
Time (min)?
Endogenous!
m/z 346    152?
4? 6? 8? 10? 12? 14?
Time (min)?
Endogenous!



































































ğ 21 yEWŽʕ); PKG1α*ÏĜƂ S-OBfð*ĉŃ 
















































ğ 22 LPS ƑyEWŽʕɮɻ); VASP ˹ð 
LPSƑ 12Ƽ̆Ŷ*yEWŽʕɮɻ)"	$ƒ˹ðVASPƒ®8-ƒVASP
ƒ®)8;EGW\q_c?ʥ!ąOp)˹ð VASP *ɶ VASP
)Ō;kdŬţǤ)"	$bUc|cʵǏɰǐ?Ɇb\+ŞĤ




















































































ğ 24 cGMP8- 8-fc-cGMP& PKG1α&*ɰĈ*d_LO}b 
̰A Ṟo\UzU)8:ȁ 8-fc-cGMP& PKG*ȷ
¯Ȣ}b̰ B C̱ys195*DIEûļ& cGMP̰ ŗlh̱2+ 8-fc-cGMP
̰ąlh̱*OBf* C-8 &*̆*˔̓PKG1α&gNI^d&*ɰĈ*Ø
ļd_LO}b+ CLC drug discover Workbench 2.4.1 (Qiageṉ?Ȣ	$
PKG1α*Ƶ* cGMP ɰĈ˵¬?ċ4 299 Bzi˹* X ɷɰƾǙˤ ̰PDB ID: 
3SHṞ?6&)ʵǏ 24)ȞȗgNI^d+2 ǞÆǙˤ? Pubchem̰SID: 
2663837̰cGMP ̱SID: 2663838̰8-fc-cGMP̱̱ 9ËƎʺ[pcEF
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ğ 27 ǵƂDIEØļɍ)8; 8-fc-cGMP *£ˊ 
ǵƂDIEØļɍ+ 8-fc-cGMP&ǩǔɽơÿſ˥ɲDIE? 






































































































ʩ 1 cGMP ˃ő®&ʳǦƂȠ®Øļ*IN\i̲ǦØ˶µư 
 
*25˚C%*ȁŃ¼ 






  Substance logPo/w 
  cGMP* <-5 (10 mM Tris-HCl [pH7.4]), -4.17 ± 0.25 (0.1 M HCl) 
  8--cGMP* –3.20 ± 0.11 (10 mM Tris-HCl [pH7.4]), -1.93 ± 0.01 (0.1 M HCl) 
  8--cGMP* –2.88 ± 0.04 (10 mM Tris-HCl [pH7.4]), -1.62 ± 0.05 (0.1 M HCl) 
  Ascorbic acid** –2.15 (H2O) 
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